influence of the imine substituent on the electrochemical and photochemical properties. In particular, the calculations suggests that there is a significant change in geometry between the ground state and the first triplet excited state for arylimines but not for alkylimines, leading to much weaker emission for the arylimine complexes. The work demonstrates that pyridineimines can be used as a substitute for bipyridines in luminescent iridium complexes.
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Dalton Transactions
www.rsc.org/dalton The luminescence of these complexes can be tuned by altering the heterocycle, the degree of conjugation in the C^N ligand and/or the ancillary ligand and by the use of substituents on the cyclometalated phenyl, the directing heterocycle or the ancillary ligands or indeed combinations of these. 3 In cationic complexes [Ir(C^N) 2 (X^Y)] + the X^Y ligand has been usually a bipyridine or phenanthroline or substituted derivative, with some examples of pyridine imidazoles, 4 pyridine pyrazoles, 5 and pyridine triazoles. 6 However, changing substituents on a bipyridine is time-consuming from a synthetic viewpoint, hence, finding an alternative to bipyridine ligands that can be easily modified may expand the usefulness of these complexes. Pyridineimines are attractive alternatives since they have similar properties to bipyridines (NN donor set and empty π*-orbitals) yet are much easier to prepare by a simple condensation between pyridine-2-carboxaldehyde and the relevant primary amine.
The ready availability of different amines and the one step preparation of pyridineimines should allow much easier access to a wide variety of different substituents in comparison to bipyridines Despite these attractive properties, pyridineimines are much less explored than bipyridine complexes.
Ruthenium complexes of general type 1 and 2 have been reported. . 7e These data indicate that a pyridineimine is a better π-acceptor than bipyridine; calculations suggest that the LUMO of a pyridineimine is about 0.2 eV lower in energy than that of bipyridine. 7d Complex 1 (R = Me) shows a similar effect but the shift to positive potentials is smaller than for R = Ph. 7c Replacing another bipyridine with a pyridineimine, complex 2, shifts the oxidation and reduction to even more anodic potentials. 7c, 7d The π-acceptor properties of the pyridineimine are also manifest in the 3 MLCT emission of 1(R = Ph) which occurs at 770 nm, a 155 nm red shift in emission compared to The 1 H and 13 C NMR spectra of 5a-7a (R 2 =Ph, p-C 6 H 4 OH, p-C 6 H 4 CO 2 H) are very similar to 4a and also to each other except the signals of the R-groups. In all the complexes the imine proton, H 5 is always the most downfield signal (between δ 9.43 to 9.19) and the phenyl protons H a,a′ are the most upfield (δ 6.06-6.27) and the key NOEs are similar to those in 4b discussed above. The only significant difference in the spectra is the chemical shift of the N-aryl meta protons H 7/7′ which vary from ca. δ 6.5 for R = OH through to δ 7.6 (R = CO 2 H), consistent with similar shifts for the free arylamines. 13 The 13 C NMR spectra show the expected signals and the FAB mass spectra show peaks for the cations in each one of Shalini 3 Final 6 these.
The 1 H NMR spectra of the alkyl substituted complexes 8a and 9a are similar to 4a-7a with the phenyl protons H a,a´ at high field (ca. δ 6.2 -6.4). The imine proton H 5 is the most downfield signal (δ 9.28 and 9.16 respectively) and it shows an NOE to the isopropyl substituent (8a) or to the CH 2 (9a). In 8a the two methyl groups (δ 1.12 and 1.01) are inequivalent, whilst in 9a the diastereotopic protons of the NCH 2 group are observed as two mutually coupled doublets (δ 4.60 and 4.42), in both cases consistent with the chirality at the metal centre. The 13 C NMR spectra show the expected signals and the FAB mass spectrum shows a molecular ion for the cations at m/z 627 for 8a and m/z 671 for 9a.
X-ray crystal structures
Several of the complexes have been characterised by X-ray crystallography. The structures of 4a, 5a, and 6a, are shown in Figure 2 and those of 8a and 9a are shown in Figure 3 with selected bond lengths and angles in Table 1 (those of 4b and 4c are in the supplementary material Fig S2) . The structures show the same general features with cis metallated carbons and trans nitrogen atoms, as found for the bipyridine complexes. a Average values from two independent molecules in the unit cell
Geometries of the cations of 4a-9a have been calculated in the low spin configuration.
The computed geometries compare well with the X-ray ones. For example, in the case of 4a (see Table S2 and Fig S3a, (Table S9) .
Phenylimine conformational behaviour
We have recently shown 9 that even a large 2-pyrenyl substituent on the imine nitrogen atom does not prevent some degree of torsional freedom of the aromatic moiety around the N-C(aryl) bond. Since the conformational behaviour of the phenyl imine ligand might be relevant to the photophysical behaviour of the complex a detailed study of torsional potential in the ground and first triplet excited state have been also undertaken in the case of 4a.
The computed torsional energetic profile of S 0 shows another minimum exists which is more stable than the one found in the solid state by 0.91 kcal/mol (Fig 4) where the aryl moiety has a torsion angle of -40.4° 
Electrochemistry
For cationic Ir(III) complexes [Ir(C^N) 2 (XY)]
+ , the pure metal-centred oxidation is reversible but it becomes less reversible as the contribution of the cyclometallating phenyl(s) to the HOMO increases. 2c, 6 The electrochemical properties of 4-8 were examined using cyclic voltammetry (Table 2 ) and have also been modelled by DFT which shows good agreement with the experimental values (see Fig 5) . 
Photophysical properties
The data from the UV-vis absorption spectra for complexes 4-8a are shown in Table 3 (absorption, emission and excitation spectra are provided in the SI, Fig S5a- b Quantum yields were measured relative to 8a by decomposing the spectra and then integrating the decomposing functions. It should be borne in mind that the aryl complexes are only weakly emissive and in a range where the photomultiplier response is weak therefore there is a significant error in these measurements. The quantum yield of 8a was measured using an integrating sphere in argon saturated solution. For the moderately intense absorption band in the range 270-440 nm (i.e., 32000-22500cm -1 ) decomposition suggests that it is mainly due to the three most intense Gaussian functions that fall at around 31000 (320 nm), 29000 (340 nm) and 26500 cm -1 (370 nm) (31031, 29268 and 26892, cm -1 for 4a) and some further contributions of small intensity.
Similar description can be given for the other compounds 5a, and 8a (Table S3 in SI).
TD-DFT calculations of the "free" cation in the gas phase gave very poor agreement with the experimental data in this region, irrespective of the basis set and exchange correlation functional used. Introducing the contribution from the dichloromethane solvent by means of the Self Consistent Reaction Field approach 19 reduced the disagreement but was still unable to describe the features suggested by the decomposition procedure. Recently the effect of ion pairing on absorption spectra has been reported to give better agreement between calculated and experimental absorption spectra for some related cyclometallated iridium complexes. 20 Hence, the effect of the anion was modelled, the two most stable ion pairs were considered, i.e. the cation with the PF 6 ‾ close to the pyridineimine side of the molecule (4a-PF6PI) and with the anion close to the phenylpyrazole side (4a-PF6PZ) (see Figure S7 in SI for their optimized structures and energies). This approach shows a far better agreement with the experimental data and suggests that these three species, the free cation and two ion pairs, contribute to the experimental spectra (see SI for more discussion). Preliminary experiments showed that all of the pyridineimine complexes 4-8 emit in solution (CH 2 Cl 2 ) at room temperature (Fig 8 and Fig S5b in SI) . The aryl complexes in particular emit at long wavelength, towards the NIR, however the emission intensity is rather weak for these complexes. Because the excitation spectra (see Fig S5c in SI) look similar for all the complexes the same excitation wavelength (390 nm) was used in all cases. The complexes all show one broad emission band at 640-740 nm (Table 3 ). The quantum yields relative to the isopropyl complex 8a are shown in Table 3 Putting electron donating methyl substituent(s) on the C^N ligand either para to the metal 4b or on the pyrazole 4c results in a considerable red shift from 730 nm for 4a to 760
and 780 nm for 4b and 4c respectively. This is consistent with the electrochemical data, which show an easier oxidation (raised HOMO) for these complexes. Complexes with the electron withdrawing N-aryl substituents on the pyridineimine (4a p-Br, 6a p-CO 2 H) are red shifted compared to 5a (R = H) though in these cases the shift is due to a lowering of the LUMO consistent with the easier reduction. An OH substituent also gives a small red shift in the emission wavelength. Replacing the N-aryl substituent on the imine with an isopropyl leads to a significant blue shift to 640 nm, compared to 715 nm for 5a consistent with the higher LUMO (more cathodic reduction) of 8a.
The results suggest that the emission always starts from excited states which are strongly influenced by the HOMO and/or LUMO energies and that are probably the lowest excited triplet states in agreement with the "Kasha Rule". We have undertaken a detailed study of the triplet excited states for 4a, 5a, 8a and their PF6PI ion pairs which are considered representative of all the complexes 4-8. Furthermore for 4a, 5a, and 8a the substituent on the imine is unlikely to have specific (e.g., H-bond) interactions with the solvent.
Since some doubt has been cast 22 For values for ion pairs see SI Table S8 The observed emission intensity from the excited state Ψ κ to the ground state singlet Ψ 0 has two main contributions: one from the spin-orbit coupling that mixes the pure singlet and pure triplet states and one due to both the geometry and the vibrational modification following the electronic reorganization in the two different electronic states that can be taken into account by the Franck-Condon factors. These modifications include also the counter ion in the case of ion pair. If the M062X xc-functional is used, that takes better account of the effect of charge separation including a large contribution of the Hartree-Fock exchange, then agreement for the aryl compounds is significantly better though the isopropyl wavelength is now too blue. We note that decomposition of the broad emission band of 8a (see Fig S11) suggests there are two contributions a major one from the free cation and a lesser one from the ion pair (see SI for further discussion)
There is a large difference in the quantum yields of the studied N-aryl derivatives (4a-7a) compared to the N-alkyl 8a (8a is at least 10 times as intense See Table 3) Furthermore the geometry of the S 1 and the T 1 states are closer in 8a than in the corresponding states of 5a making the ISC process easier for 8a. In summary aryl-substituted pyridineimines incur more difficult S 1 T 1 and T 1 S 0 ISC processes than alkyl-substituted ones reducing the emission intensity of aryl-substituted complexes.
Conclusions
In conclusion we have demonstrated that the use of pyridineimines in place of bipyridine in biscyclometallated iridium complexes leads to complexes that are easier to reduce and which emit at longer wavelengths. The longer wavelength emission might make these complexes particularly suited to biological applications. Variation in the substituent on the imine leads to changes in emission wavelength that are consistent with the electrochemical properties. DFT calculations provide evidence for excited state geometry changes in aryl-susbtituted pyridineimines which lead to significant loss in emission intensity. The pyridineimine complexes are easy to prepare, particularly since the pyridineimine ligand can be prepared in situ from pyridine carboxaldehyde and the relevant amine. The ready availability of a wide range of amines with additional functionality means that further modification of the complexes e.g. bioconjugation, should be relatively easy.
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Experimental
Materials and methods
All reactions were carried out under an inert atmosphere of nitrogen and under microwave irradiation unless stated otherwise. After work up all the complexes were airstable. Microwave reactions were carried out in a CEM-Discover commercial microwave reactor. 1 H, and 13 C-{ 1 H} NMR spectra were obtained using a DRX 400 MHz spectrometer.
Chemical shifts were recorded in ppm (on δ scale with tetramethylsilane as internal reference), and coupling constants are reported in Hz. FAB mass spectra were obtained on a Kratos concept mass spectrometer using NOBA as matrix. The electrospray (ES) mass spectra were recorded using a micromass Quattra LC mass spectrometer in HPLC grade acetonitrile. UV -Vis absorption measurements were carried out on a Shimadzu UV -1600 series spectrometer in dry DCM. Luminescence studies were performed in dry DCM using a Jobin Yvon Horiba Fluoromax-P spectrofluorimeter. For emission measurements, all complexes were excited at a wavelength of 390 nm using a filter of 450 nm. Electrochemical measurements were performed with an Eco Chemie Autolab. All measurements were carried out in a one-compartment cell under N 2 gas, equipped with a Pt disc working electrode, a Pt gauze counter electrode and a silver wire reference electrode. The supporting electrolyte was Et 4 NClO 4 (0.1 mol L -1 ) in acetonitrile. Elemental analyses were performed at London Metropolitan University. All starting materials were obtained from Aldrich or Alfa Aesar.
Computational details
The decomposition of the absorption spectra was a non-linear fitting of a set of Gaussian functions (see ref 16) . DFT computations were applied by using the meta-hybrid xc functional M06 24 as implemented in the Gaussian 09 suite of programs 25 that has been shown to be effective in dealing with similar complexes. 26 Some preliminary calculations were performed using the modified Perdew-Burke-Ehrzenov functional. 27 Geometry optimizations were performed using the Dunning/Huzinaga double-ζ (D95) basis sets, 28 adding a set of polarization functions to the same basis set in case of C, N, P, F atoms. The Stuttgart/Dresden ECP basis set and pseudopotential for small core taking into account relativistic effects were used for Ir and Br. 29 Default gradient and displacement thresholds were used for the geometry optimization convergence criteria. The dichloromethane (DCM) and acetonitrile (ACN) solvents environment were modelled according to the SCRF model. 30 To confirm that the obtained geometries are relative minima on the molecular energy hypersurface, analytical computation of the Hessian matrix with respect to the nuclear coordinates at the same level of theory was performed. The programs Molekel4.3 31 and Mercury CSD 2.0 32 were used to draw chemical structures and orbital composition.
Time dependent DFT were computed using the same exchange correlation functional.
Calculations were performed for both the cation in solution and in gas phase. Furthermore the ion pairs with the PF 6 were optimized starting from the geometry of the crystal structure.
Excited states for the calculation of the absorption spectra were computed using the optimized geometries of the singlet ground state (vertical excitation). The structure of the first triplet state has been computed using the unrestricted wavefunction (UKS) within the KohnSham DFT.
The hessian of the computed wavefunction has been checked against possible internal instability. 33 Emission energies were computed also as the difference (so called ∆SCF)
between the UKS molecular energy of the triplet state at the relaxed geometry of the triplet state and the energy of the singlet ground state at the triplet geometry (vertical de-excitation).
General procedure for synthesis of [Ir(C^N) 2 (pyridineimine)][PF 6 ] (4-9)
The appropriate dimer, [Ir(C^N) 2 Cl] 2 , pyridine-2-carboxaldehyde (2.4 equiv), KPF 6 (2-2.4 equiv) and the relevant amine (2.4 equiv) were placed in a microwave vial and the solvent (3 ml) was added. Nitrogen was bubbled through the solution for 2 mins and the vial was then sealed with a septum cap. The tube was placed in the microwave reactor and heated under microwave irradiation. After this time the solvent was removed in vacuo leaving behind a solid which was dissolved in DCM (15 ml) and passed through celite. The filtrate was reduced in volume and hexane was added slowly to induce precipitation. The precipitate was isolated, washed with hexane and dried in vacuo. The compounds could be recrystallised from DCM/hexane. Early attempts were carried out at 100 °C for 30 mins in ethanol but later milder conditions (20 mins at 60 °C in methanol) were found to work just as well. Hence the reactions are done under the milder conditions unless stated otherwise. In the mass spectrometry data [M] + will refer to just the complex cation.
Synthesis of 4a
This was prepared from dimer 3a (50 mg, 0.049 mmol), 4-bromoaniline (20. 
Synthesis of 6a
This was prepared from dimer 3a (100 mg, 0.097 mmol), 4-aminobenzoic acid (32 
Synthesis of 9a
This was prepared from dimer 3a (40 mg, 0.039 mmol), glycine ethylester hydochloride (13 mg, 0.090 mmol), pyridine-2-carboxaldehyde (10 mg, 9 µL, 0.090 mmol), triethylamine (9 mg, 12 µL, 0.090 mmol) and KPF 6 (17 mg, 0.090 mmol) and after work up gave 9a as an orange-red solid (40 mg, 63% 
